Abstract-It was demonstrated in the previous work that various threat materials could be detected inside the sea going cargo container by measuring the three variables, carbon and oxygen concentration and density of investigated material. Density was determined by measuring transmitted neutrons, which is not always practical in terms of setting up the instrument geometry. In order to enable more geometry flexibility, we have investigated the possibility of using the scattered neutrons in cargo material identification. For that purpose, the densities of different materials were measured depending on the position of neutron detectors and neutron generator with respect to the target position. One neutron detector was put above the target, one behind and one in front of the target, above the neutron generator. It was shown that all three positions of neutron detectors can be successfully used to measure the target density, but only if the detected neutrons are successfully discriminated from the gamma rays.
I. INTRODUCTION

I
T IS well known that common explosives and illicit drugs are made from the light elements H, C, N and O, which quantities can be measured by using the neutron interrogation techniques [1] - [3] , and the compositions of these substances are well separated from the most common materials in one or more elemental features. Explosives are distinguished by relative high proportions of nitrogen and oxygen, while illicit drugs are generally rich in hydrogen and carbon [4] . Many explosives have densities which are generally larger than most everyday HCNO substances. Although some explosives can be detected by measuring the high nitrogen content (like Research Department Formula X, RDX), it is shown in the Fig. 1 that Semtex1A can easily be misinterpreted as a paper [5] . However, by measuring densities of Semtex1A and paper it is possible to prevent misinterpretation in a case when scintillation gamma ray detectors are used. custom officers are not only interested to detect the explosives and illicit drugs, but more often, they want to check whether or not the cargo manifest is in accordance with the measurements provided by the inspection system. To do the appropriate checking, the inspection system must provide as many parameters as possible, including the density measurements since the average density value can be extracted from the cargo manifest. It was shown on the Fig. 2 [6]- [7] , that various materials inside the sea going cargo container can be identified by measuring the carbon and oxygen content together with the density of investigated materials. For this purpose, the gamma ray detectors in the transmission position were used, while the gamma ray detectors on the top of the container were not so successful, because the scattered neutrons were not adequately separated from the gamma rays. It should be noted that the measurement time, which was long in the above case, actually depended on the number of the available gamma ray detectors. For instance, in the case of the EURITRACK system, the measurement time was no more than 10 minutes [8] , [11] .
In the research presented the densities of different materials (empty box, textile, iron wires, cigarettes, hexogen (RDX) simulant, flour, paper, TNT simulant, sugar, rice, sugar (dense), soil, sand, graphite) were measured by associated alpha particle technique (associate particle imaging, API) with neutron detectors at three different positions with respect to the target and API-120 neutron generator (NG), produced by ThermoElectron.
The associated α particle method [9] - [11] was proposed and used many years ago in neutron-charged particle coincidence measurements from 14 MeV neutron induced reactions [12] and [13] .
The API technique is based on the electronic "collimation" of the neutron beam generated by the 3 H(d, n) 4 He reaction, by detecting alpha particles emitted in a known solid angle in coincidence with neutrons.
II. EXPERIMENTAL SETUP NE-218 3 × 3 neutron detector was put behind the target to measure transmitted neutrons 84 cm distant from the target. Scattered neutrons were measured with NE-218 and NE-213 3 × 3 neutron detectors at positions above the target and in the front of the target above the neutron generator at 86 cm and 93 cm from the target, respectively.
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See http://www.ieee.org/publications_standards/publications/rights/index.html for more information. Fig. 1 . Gamma ray spectra of the explosive semtex1a (gray) and the paper (black) measured with two 3 × 3 NaI(Tl) gamma ray detectors. Although some explosives can be detected by measuring the high nitrogen content (like RDX), Semtex1A easily can be misinterpreted as a paper [5] .
Fig. 2. Semtex1a and semtex1a in iron matrix are well separated in triangle diagram from the other materials including paper which has similar carbon to oxygen ratio. Ro * , C * and O * depend on target density, carbon content and oxygen content. Transmission detectors were used [6] - [7] . The data points have one sigma error bar.
The NE-213 detector was shielded from neutron generator with layers of wood, paraffin and lead. Target was a box of the volume 22 × 23 × 31 cm 3 , 85 cm distant from the neutron generator. NG is equipped with the YAP:Ce scintillator which serve as an alpha detector. Diameter of the tagged neutron cone at the target position was equal to 24 cm. For each target and for each neutron detector a time-of-flight of neutrons and gamma rays were measured. In this way it is possible to separate the neutrons scattered to the neutron detectors from the gamma rays produced by inelastic A(n,n'γ)A scattering. Fig. 3 shows the picture while Fig. 4 shows the sketch of the experimental setup. Table I show different targets used in the experiment. Targets were chosen to represent the most common goods found in the sea going cargo container together with the different types of explosive simulants. The chosen materials were packed in the boxes following the usual practice of the sea going cargo containers packaging. This was the reason why we had analyzed two types of sugar targets. One contained pieces of 1 kg sugar packing, and another one was completely filled with unpacked sugar.
It should be noted that according to [14] , the general organic cargo was present in more than half (62%) of the sea going cargo containers, while metallic cargo was accounting for 15%. The average cargo density is expected to be below 0.2 g/cm 3 . Figs. 5-8 shows the time-of-flight (t-o-f) spectra normalized to the same number of emitted tagged neutrons. T-o-f spectrum is actually the pulse height distribution of the time differences between the moment when alpha particle hit the alpha detector and the moment when neutron/gamma ray scattered or transmitted through the target hit the neutron detector. T-o-f spectrums of the transmitted and scattered neutrons at each detector were well separated from the gamma rays coming from the target and NG. Only these neutrons were taken to be the measure of the target density. Fig. 9 shows the exponential decay of the transmitted neutron beam in dependence on the target density. Experimental points marked in black in Fig. 9 were fitted by using the following equation:
Where a and b are fitting parameters:
Equation (1) is expected to be valid for a collimated beam of neutrons where parameter "b" is attenuation parameter depending on total neutron cross section [15] . The gray dots in Fig. 9 , belonging to the soil, sand and graphite target, do not follow the exponential curve. Soil, sand and graphite are too dense and multiple neutron scattering are responsible for deviation from the exponential curve. Number of scattered neutrons rises with the density, as was shown in Figs. 10 and 11 , according to the formula:
The fitting parameters for the top detector were: and for the reflection detector:
If eq. (1) is valid, one would expect that eq. (3) is valid too, with the same attenuation parameter. The parameters "b" and two "c" parameters obtained by eq. (1) and eq. (3), respectively, are not quite the same, but if the error bars are taken in the account, they are not very different either. The matrix around the target can influence equations and parameters determined by (3) (4) (5) .
Matrix influence was studied in [5] - [7] . It has been shown that triangular graph can be made from results obtained by carbon, oxygen and density measurements and that the target material can be identified even if the target is surrounded with iron or organic matrix. The most difficult case is a target placed inside the organic matrix made from materials listed in Table I . 
IV. CONCLUSION
Target density can be measured with the neutron detector and API technique regardless of the relative position of the detector and the neutron generator. Generally this means that cargo container can be inspected even if only one side of the container is available for inspection. Number of transmitted neutrons decreases exponentially while number of scattered neutrons increases with density for materials of interest in this research (C,H,N,O based materials). Transmitted neutrons show one order of magnitude better sensitivity. Although API technique was used to discriminate the neutrons from the gamma rays, it is believed that the same results would be obtained by using the pulse shape discrimination method. In that way API technique can be avoided and the neutron generator which produces much higher beam intensity than 10 8 n/s can be used.
